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A B S T R A C T   

An alternate medium consisting of sugarcane juice (SJ) (Saccharum spp.) and chicken feather 
peptone (CFP) was employed for microbial synthesis of levan. SJ has considerable amounts of 
vital minerals, vitamins, and amino acids in addition to its major constituent, sucrose. Meanwhile, 
CFP is also a rich source of essential nutrients such as amino acids, micro and macro elements. 
Amino acids present in SJ and CFP, such as glutamic acid, arginine, aspartic acid, asparagine and 
elements such as Ca, Mg favoured the cell growth and levan production. In this present work, 
levan was produced using Bacillus subtilis MTCC 441 in five different media, namely, sucrose 
along with defined nutrients (M1), Sugarcane Juice without nutrients (M2), SJ with defined 
nutrients (M3), SJ along with chicken feather peptone (M4) and sucrose without nutrient (M5). 
Alternative nutrient medium using SJ and CFP (M4) showed a promising levan yield of 0.32 ±
0.01 g of levan/g of sucrose consumed, which is 64% of the theoretical levan yield possible. Levan 
produced was characterized using Nuclear Magnetic Resonance (NMR) and Gel Permeation 
Chromatography (GPC). There is a change in low molecular weight fractions of levan obtained 
from SJ and CFP medium compared to the defined medium. Produced levan from the composite 
medium exhibited strong antioxidant activity and was biocompatible when tested against 
endothelial cells. The substrate cost was 20% lower than the cost of defined medium. Thus, a 
composite medium made of SJ and CFP can serve as an alternate low-cost medium for microbial 
fermentation.   

* Corresponding author. 
E-mail address: vponnu@chem.sastra.edu (P. Venkatachalam).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e17424 
Received 18 December 2022; Received in revised form 9 June 2023; Accepted 16 June 2023   

mailto:vponnu@chem.sastra.edu
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e17424
https://doi.org/10.1016/j.heliyon.2023.e17424
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e17424&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e17424
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e17424

2

1. Introduction 

Sugarcane juice (Saccharum spp.) (SJ) is a rich source of sucrose that contains several amino acids, minerals and trace elements [1]. 
Sugarcane is produced in millions of tonnes every year, mainly in countries such as India, Brazil, China, etc. [2]. India is the world’s 
second-largest producer of sugarcane (Sugar and sugarcane policy, GOI, 2022). It is a reasonably affordable and renewable feedstock 
which can be used in fermentation industries. SJ can be extracted from sugarcane by simple mechanical treatment [3]. Short shelf-life 
due to microbial and enzyme degradation, it is necessary that the juice is used immediately [4]. 

Levan is a unique microbial exo-polysaccharide having a wide range of industrial applications [5,6]. Levan is a water-soluble 
biopolymer, and it is composed of repeating monomeric units of fructose with D-glucosyl residue as a terminal group. It is soluble 
in water and insoluble in organic solvents such as acetone, ethanol, isopropanol, methanol, etc. Levan has desirable properties such as 
biodegradability, biocompatibility, flexibility, antioxidant, anti-inflammatory, etc. [7]. Both plants and microorganisms are known to 
produce levan. Typically, microbial levan has comparatively high molecular weight (Degree of polymerization (DP) > 103 to 104) [8] 
than plant-produced levan (DP < 102) [9]. 

Levan is commercially produced from refined sugar (sucrose). Levan biosynthesis is a two-stage process, and it is catalyzed by the 
enzyme levansucrase. The initial stage involves the hydrolysis of sucrose, and the next stage involves the polymerization of fructose 
(transfructosylation reaction). Microbial levan synthesis is mainly affected by factors such as microorganism species, media compo-
sition, and process conditions (pH, temperature, incubation time, etc.). Particularly, the cost of media significantly contributes to the 
product cost. About 35–60% of the production cost is typically due to medium cost [10]. Thus, using an alternative media, that is 
cheap, renewable, and capable of producing high yields will enhance the overall economy of the process [11]. 

Considering this need, significant research efforts have been taken to identify suitable alternate carbon sources for levan production 
in recent years. Beet molasses, coconut inflorescence sap, date syrup, starch molasses, sugarcane molasses, and sugarcane syrup [12, 
13,14,15,16,17] have been used as alternate production media in the past. However, it has been reported that levan yields obtained 
from these mediums were lower than those obtained from sucrose. The researchers indicated that further optimization of the media 
composition is necessary to achieve comparable yield. It is well recognized that besides a carbon source, nitrogen source (yeast extract, 
bacterial peptone, chicken feather peptone, etc.) also plays a crucial role in microbial fermentation and exopolysaccharide production 
[14,18,19]. However, research on alternative fermentation media sources that consist of carbon, nitrogen, and other micro- and 
macro-nutrients is inadequate in the literature. 

The use of unrefined SJ can save resources as well as energy. The present work hypothesizes that SJ combined with CFP has the 
potential to be used as an alternate low-cost media for the production of levan (Fig. 1). Commercial sucrose has a purity of almost 
99.7% wherein the native nutrient contents are removed sugarcane juice refining. Substituting raw SJ instead of refined sucrose in the 
fermentation medium have two major benefits (i) loss of nutrients from sugarcane juice during refining process is prevented and (ii) 
the cost of refining sucrose is saved. On the other hand, CFP is rich in nitrogen, micronutrients, and macronutrients which are 
important for microbial growth as well as the synthesis of products. Annually, the poultry industry generates millions of tons of chicken 
feathers as solid waste. The principal constituent of chicken feathers is protein (Keratin) [20]. Previous studies demonstrate that 
chicken feathers could be used as raw material for the preparation of peptone. Thus the obtained CFP could be used as an organic 
nitrogen source for various microbial fermentation [19–22] [19–22] [19–22]. To the best of our knowledge, the mixture of SJ and CFP 

Fig. 1. A schematic comparison of levan production process flow from conventional medium and proposed composite medium.  
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has not been investigated as an alternative cost-effective medium for levan production. Hence, the first objective of the present work is 
to produce levan from a composite medium prepared using SJ & CFP using Bacillus subtilis MTCC 441. The second objective of this 
study is to evaluate the antioxidant property and cytotoxic activity of the levan so produced. 

2. Materials and methods 

2.1. Materials and microorganism 

The sugarcane (Saccharum spp.) juice (SJ) was obtained from a local juice shop near Thanjavur, Tamilnadu, India. Isopropanol 
(IPA) was procured from M/s Molychem., India. All other chemicals were procured from M/s Himedia, India. All chemical ingredients 
were analytical grade (>99% purity). Chicken feather peptone (CFP) was produced using the method outlined in Ref. [19]. The 
microbial strain used in this study Bacillus subtilis MTCC441 was obtained from a culture bank (Institute of Microbial Technology 
(IMT), India). A glycerol stock was prepared and stored at – 80 ◦C until further use. 

2.2. Preparation of sugarcane juice for fermentation 

Collected SJ was centrifuged at 8000 RPM for 10 min to remove any suspended particles. The supernatant collected was filtered 
using filter paper. The initial sugar concentration of this filtrate was determined using High-Performance Liquid Chromatography 
(HPLC) and it was diluted to an initial concentration of 100 g/L before fermentation. 

2.3. Levan production 

In this present work, levan was produced using Bacillus subtilis MTCC 441 in five different media; namely, sucrose along with 
defined nutrients (DN) (M1), Sugarcane Juice without nutrients (M2), SJ with defined nutrients (M3), SJ along with chicken feather 
peptone (M4) and sucrose without nutrient (M5) and the results were compared. The defined nutrients (DN) include the following 
ingredients (in g/L): Yeast extract- 2.0, (NH4)2SO4– 3.0, KH2PO4 – 1.0, MgSO4 .7H2O – 0.6, MnSO4 - 0.2. 

For each experiment, 100 mL of culture media was prepared in an Erlenmeyer’s flask (250 mL) with an inoculum concentration of 
10% (v/v) with an optical density (OD) of 0.6–0.7. Before autoclaving, pH of the medium was adjusted to 7. The culture was incubated 
for 20 h at 150 rpm and 37 ◦C in an orbital shaker [23]. 

2.4. Recovery of levan 

Post-fermentation, the culture was collected and centrifuged at 8000 rpm at room temperature for 10 min. Biomass was recovered 
as a pellet. The mass of biomass produced was obtained by drying the pellet at 60 ◦C until constant weight [23]. The pH of the su-
pernatant was changed to 9.0 and then the polymer from the supernatant was recovered by adding 3 vol of ice-cold IPA per unit volume 
of supernatant. The precipitate was removed by centrifuging the mixture at 8000 rpm for 10 min. Levan pellet was dried at 45 ◦C 
overnight and weighed. Further, levan was purified by re-precipitating twice using IPA. Then, the pellet was dissolved in hot water and 
dialyzed (molecular weight cut of 14,000 Da) for 3 days by changing the water twice a day. The levan was lyophilized and used for 
further studies. 

2.5. Analytical methods 

1H NMR and 13C NMR samples were prepared using D2O and analyzed in Bruker 400 MHz instrument at room temperature. The 
molecular weight of the produced levan was measured by gel permeation chromatography using Ultrahydrogel 1000 column. The 
mobile phase, sodium nitrate solution (0.1 M), was used at a 0.6 mL/min flow rate. The sugar was estimated using Hiplex Ca (8 μm, 7.7 
× 300 mm) analytical column with water as mobile phase (flow rate 0.6 mL/min). The elemental composition of SJ and CFP analyzed 
using Inductive Coupled Plasma Mass Spectrometry (ICP- MS) (AOAC, 2019). 

2.6. Antioxidant activity 

The antioxidant activity of obtained levan was estimated in-vitro by 1,1- Diphenyl-2-picrylhydrazyl (DPPH) assay and superoxide 
anion radical assay as described by Wang et al. (2020). Briefly, 2 mL of levan solutions of different concentrations (0–15 mg/mL) were 
mixed with 2 mL DPPH (0.2 mM) ethanolic solution. The mixtures were incubated at room temperature in the dark for 30min. After 
incubation, the UV–Visible absorbance was measured at 517 nm. Ascorbic acid was taken as the positive control. Superoxide anion 
scavenging experiment, 1 mL of levan solutions of different concentrations (0–15 mg/mL) was mixed with 3 mL Tris-HCL buffer 
solution (50 mM, pH 8.2) and incubated at 25 ◦C for 20 min. After incubation, 0.3 mL of pyrogallol (30 mM) and kept at 25 ◦C for 5 
min. Then, 1 mL HCL was added to stop the reaction. After termination, the absorbance was measured using UV–visible spectro-
photometer at 325 nm. 
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2.7. Cytotoxicity analysis 

The cytotoxicity assay was performed in a 96-well plate (coated with 0.5% gelatine), HUVEC cells were seeded at an approximate 
density of 1 × 104/well. After incubating overnight, they were treated with levan at defined concentrations (100, 250, 500, 750 and 
1000 μg/mL) for 24 h. Cells were treated with N-acetyl cysteine (NAC - 1000 μg/mL) as a positive control. Later, the cells were washed 
using 1X PBS and incubated with 1 g/L MTT. After incubating at 37 ◦C for 4 h, formazan crystals were dissolved with DMSO, and then 
the absorbance was measured at 570 nm in a microplate reader (Synergy H1). 

2.8. Statistical analysis 

All the experiments were performed and reported in triplicate. The average mean values were reported along with the standard 
deviation values. One-way ANOVA and Tukey’s tests were used to assess the data’s significance and compare the means (α < 0.05). 
Graph-pad prism software is used for statistical analysis. 

3. Results and discussion 

3.1. Effect of SJ on levan production 

Sucrose is the main constituent of SJ. Apart from sucrose, SJ also contains amino acids, micro and macro elements that are required 
for the growth and metabolism of B. subtilis [24]. The estimated sucrose concentration in the raw SJ used in this study was 185.0 ± 1.0 
g/L. It was suitably diluted to a concentration of 100 g/L using de-ionized water to maintain a constant initial concentration of 100 g/L 
in all experiment. On replacing yeast extract 2 g/L with an alternative nitrogen source of CFP at different concentrations was studied 
for levan production. To determine the optimum CFP concentration, experiments were initially conducted with different CFP con-
centration (0, 2, 3, 5, 8 g/L). The product was recovered as described in section 2.4, and the results are shown in Fig. 2. From the figure, 
it can be seen that biomass and levan production increased with increase in CFP concentration till 2 g/L CFP and the maximum levan 
yield of 28 ± 1.09 g/L was obtained at this CFP concentration. However, at higher dosing of CFP, levan production exhibited a 
declining trend, and this decline may be attributed to the presence of inhibitory ions. Thus, CFP concentration of 2 g/L was considered 
as optimum for further experiments. 

Fig. 3A shows levan and Fig. 3B shows biomass yield obtained from five different media formulations listed in Table 1. Based on the 
levan yield obtained, the media were ranked as M1 > (M3, M4) > M2 > M5. The maximum theoretical yield of levan that can be 
obtained from sucrose is 0.50 g/g sucrose. The yield obtained from pure sucrose (M5) as a carbon source resulted in a minimum yield of 
0.12 g levan/g sucrose consumed, as expected, due to the absence of essential nutrients required for growth and metabolism. In 
comparison, the yield obtained from the raw SJ (M2) was 1.4 times higher (0.29 g levan/g sucrose consumed) indicating that the 
nutrients present in the raw SJ aided the levan production. Meanwhile, the levan yield obtained from M4 (SJ & CFP) was 0.32 ± 0.01 
g/g sucrose consumed (which is approximately 64% of the theoretical yield), and the yield obtained from M3 (SJ + defined nutrients) 
was 0.34 ± 0.01 g/g sucrose consumed (approximately 68% of theoretical yield). The difference in the yield obtained from M3 and M4 
was not statistically significant. 

This suggests that the CFP can act as an effective substitute for defined nutrients when used along with a suitable carbon source. 
Levan yield obtained from the defined medium (M1) consists of refined sugar and defined nutrients hence resulted in higher yield when 
compared with other fermentation media investigated in this study. Though the yields obtained with SJ & DN (M3) and SJ & CFP (M4) 
were marginally (about 20%) lower than that obtained with commercial medium (M1), because of their low cost, SJ and CFP can 
reduce the cost of production media significantly and improve profit margin. 

Biomass production results shown in Fig. 3B suggest that there is no significant change in the biomass yield attained with M1 and 

Fig. 2. Effect of CFP concentration on levan production (a) Levan concentration (g/L) and (b) Biomass concentration (g/L).  
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M2. Meanwhile, biomass yield was maximum with M4 might be due to the presence of essential amino acids that enhanced the growth 
of Bacillus subtilis and minimum with M5 might be due to the absence of essential nitrogen, micro and macro nutrients needed for the 
growth of Bacillus subtilis (Fig. 3B). The results further affirm that the composite medium containing SJ and CFP can serve as a low-cost 
alternate substrate for levan synthesis. 

Carbon sources, nitrogen sources, and micro- & macro-nutrients influence the growth of microorganisms and metabolite pro-
duction patterns. Previous investigations show that the levan produced from B. subtilis requires amino acids such as arginine, glutamic 
acid, asparagine and aspartic acid for the catalysis and polymerase activity of levansucrase [25]. SJ is rich in alanine, glycine, cysteine, 
and glutamic acid which are important for the growth and metabolism of B. subtilis [26]. Similarly, it is reported that micronutrients 
such as calcium might play an important role in levansucrase activity in gram-positive bacteria such as Lactobacillus reuteri, Lacto-
bacillus johnsonii, Bacillus spp [27,28]. 

Cultures supplied with calcium ions showed increased levansucrase activity which was later attributed to the calcium ion binding 
site in the levansucrase enzyme [29,30]. It is also postulated that the micronutrients such as calcium, iron, manganese, and magnesium 
present in the SJ and CFP increase levansucrase activity [29,30]. The levansucrase enzyme catalyzes the hydrolysis of sucrose and 
assists in the transfructosylation process for levan synthesis [7]. The result from the elemental composition analysis of SJ and CFP used 
in the present study is shown in Table 2. Both SJ and CFP contain calcium, magnesium, iron, and manganese, specifically needed for 
levansucrase activity. The observations in this study are consistent with the data obtained using alternative low-cost carbon and ni-
trogen sources reported in previous literature (Table 3). Results from the literature show that a lower yield of 0.20–0.25 g levan/g 

Fig. 3. Levan production using Bacillus subtilis MTCC 441 with different media compositions (a) levan yield and (b) biomass yield.  

Table 1 
Compositions of different production medium media used in this study.  

Media label Sucrose (g/L) Sugarcane Juice (g/L) Chicken feather peptone (g/L) Micronutrients (g/L) 

M1 100 – – Yeast extract- 2.0 (NH4)2SO4– 3.0 
KH2PO4 – 1.0 
MgSO4 .7H2O – 0.6 MnSO4 - 0.2 

M2 – 100 – – 
M3 – 100 – Yeast extract- 2.0 (NH4)2SO4– 3.0 

KH2PO4 – 1.0 
MgSO4 .7H2O – 0.6 MnSO4 - 0.2 

M4 – 100 2 – 
M5 100 – – –  

Table 2 
Elemental composition of SJ and CFP.  

Elemental composition 

Elements CFP (mg/kg) SJ (mg/kg) 
Ca 171.16 90.75 
K 495.50 979.44 
Mg 209.97 378.53 
Cu 5.16 0.22 
Zn 104.38 2.16 
Mn 12.22 4.26 
Fe 370.11 36.96 
S 4532.41 ND 
P 38.88 122.02  
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sucrose was obtained with alternative complex carbon sources such as sugarcane molasses and sugar beet molasses. It may be 
attributed to the presence of inhibitors in these waste streams [31,32]. A previous study from the literature also suggests that feeding 
organic nitrogen sources such as peptone and yeast extract to the production medium improved both microbial growth and metabolite 
synthesis [21]. 

As stated already, the low yield of levan from SJ (M2) and sucrose (M5) might be due to the absence of nitrogen and other micro- 
nutrients [14]. Hence, the addition of CFP to the SJ-based production medium might have favoured levan production. The results 

Table 3 
Comparison of different alternative substrates for levan production.  

Microorganism Sucrose Based 
medium 

Alternative complex medium Product yield (g levan/g substrate) (levan 
concentration in g/L) 

References 

From sucrose based 
medium 

From alternate 
substrate 

Bacillus subtilis MTCC 441 100 g/L SJ (100 g/L) + CFP (Nitrogen source) 0.39 (39 g/L) 0.32 (32 g/L) Present 
study 

Bacillus lentus V8 strain 250 g/L Sugarcane molasses (250 g/L) 0.23 (57.5 g/L) 0.20 (50 g/L) [31] 
Leuconostoc citreum BD1707  Tomato juice + sucrose (150 g/L)  0.19 (28.5 g/L) [33] 
Bacillus licheniformis NS032 200 g/L Sugar beet molasses (140 g/L)+

Sucrose (60 g/L) 
0.26 (52 g/L) 0.27 (54 g/L) [32] 

Bacillus polymyxa (NRRL- 
18475) 

250 g/L Sugarcane molasses (250 g/L) 0.14 (35 g/L) 0.03 (7.5 g/L) [14] 
Sugarcane syrup (250 g/L) N.A. 0.08 (20 g/L) 

Halomonas sp. AAD6  Pretreated Sugar beet molasses (30 g/ 
L) 

N.A. 0.41 (12.3 g/L) [13] 

Starch molasses (30 g/L) N.A. 0.15 (4.5 g/L) 
Microbacterium 

levaniformans 
200 g/L Date syrup (250 g/L) 0.25 (50 g/L) 0.04 (10 g/L) [12] 

Zymomonas mobilis 250 g/L Sugarcane molasses (250 g/L) 0.09 (22.5 g/L) 0.01 (2.5 g/L) [15] 
Sugarcane syrup (250 g/L) N.A. 0.06 (15 g/L) 

Note: N.A. Not available. 

Fig. 4. 13C NMR spectra of levan synthesized using M4.  
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obtained from Fig. 3A support our hypothesis that the vitamins, amino acids, minerals, and salts present in SJ and CFP can support 
microbial growth and extracellular polysaccharide synthesis in B. subtilis MTCC 441. We have also identified that adding both SJ and 
CFP in fermentation media favors levan production, which could reduce the production cost compared to fermentation media supplied 
with pure sucrose and defined nutrients. 

3.2. Characterization of levan 

The structure of levan produced using SJ and CFP (M4) medium by B. subtilis MTCC 441 was confirmed by 13C NMR (Fig. 4). The 
observed chemical shifts in the six-carbon resonance (59.97, 104.26, 76.36, 75.26, 80.34, and 63.44 ppm) were the peaks of C1–C6 
atoms of the levan structure which are almost identical with peak positions reported previously [23,34,35] The chemical shifts of 
104.17 ppm (C-2) and 63.44 ppm (C-6) correspond to the presence of β-(2–6) - linkages of levan [23,36]. 

The 1H- NMR spectrum of the synthesized polymer from SJ and CFP (M4) represents the chemical shift (proton) signals corre-
sponding to the structure of the fructan backbone (Fig. 5). The signals in the range of 3.45 ppm–4.05 ppm are similar to those reported 
in the previous literature [23,36]. 

The GPC results of obtained polymer are shown in Fig. 6. The molecular weight distribution of the levan produced using a defined 
and complex substrate (M1-M4) showed an identical pattern as listed in Table 4. Gram-positive bacteria like Bacillus species exhibit 
both processive and non-processive mechanisms that produce levan [37,38]. Likewise, levan produced by B. subtilis MTCC 441 from 
various substrates also expressed two major fractions, one with a high molecular weight (2700–2800 kDa) and a low molecular weight 
(1.7–11.0 kDa). The degree of polymerization of levan was around 15937 for high molecular weight fraction synthesized by media M1. 
The results from this study are comparable with the previously published results from the literature [23,29]. 

3.3. Antioxidant activity 

3.3.1. DPPH assay 
Levan produced from various sources is reported to exhibit antioxidant activity [16,39]. The antioxidant activity of levan produced 

from B. subtilis MTCC441 was investigated using DPPH assay and the results are shown in Fig. 7A. The antioxidant activity of levan had 
shown an increasing trend with increasing concentration of levan. The maximum scavenging activity (93.68%) was achieved at a 10 

Fig. 5. 1H NMR spectra of levan synthesized using M4.  
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mg/mL levan concentration. In comparison, Ascorbic acid (positive control) has shown >95% activity in the complete range. 

3.3.2. Superoxide anion assay 
Superoxide anion is a free radical precursor. They can seriously destroy proteins, DNA, lipids, and other biomolecules by 

encouraging its conversion to the potentially dangerous hydroxyl radical, hypochlorite anion, and hydrogen peroxide [40]. In this 
study, superoxide anion radicals are generated in a pyrogallol system, and the decrease in absorbance at 325 nm with levan indicates 
the consumption of superoxide anion in the reaction mixture, resulting in a concentration-dependent increase in superoxide scav-
enging activity, as shown in Fig. 7B. Levan with an increasing concentration showed higher scavenging activity of 86.25% at 10 
mg/mL whereas positive control of vitamin C showed 99.13% at 10 mg/mL. These results show that the levan produced from B. subtilis 
MTCC441 can efficiently be used as a strong antioxidant in pharmaceutical and biomedical applications. 

3.4. Effect of levan on HUVECs viability 

The cytotoxicity of produced levan using SJ and CFP was examined using MTT assay. As shown in Fig. 8, levan of different con-
centrations (100, 250,500,750 and 1000 μg/mL) did not alter the cell viability of HUVECs in 24 h. NAC of 1000 μM was used as positive 
control significantly increased the cell viability (α < 0.05). These results indicate that the produced levan using SJ and CFP does not 

Fig. 6. Gel permeation chromatographs of produced levan from different alternative nutrients.  

Table 4 
Molecular weight distribution of levan samples from different media.  

Medium F1 (kDa) DP F2 (kDa) DP F3 (kDa) DP F4 (kDa) DP F5 (kDa) DP F6 (kDa) DP 

M1 2868.7 15937 9.6 53 N.A. N.A. 6.3 35.0 3.9 22.0 1.7 9.0 
M2 2796.1 15534 N.A. N.A. 11.1 61.0 N.A. N.A. 4.0 22.0 1.7 9.0 
M3 2729.4 15163 N.A. N.A. 10.8 60.0 6.3 35.0 4.0 22.0 1.9 11.0 
M4 2831.2 15729 N.A. N.A. 11.0 61.0 N.A. N.A. 4.0 22.0 1.7 9.0 
M5 3120.8 17338 8.1 45 N.A. N.A. N.A. N.A. 4.1 22.0 1.7 9.0 

Note: F1, F2, F3, …F6 = Fraction 1, Fraction 2, Fraction 3, …Fraction 6; DP = Degree of polymerization; N.A. = No Fraction Available. 

Fig. 7. (A) DPPH and (B) Superoxide radical scavenging activity of levan from Bacillus subtilis MTCC441.  
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show any inhibitory effect on the cell lines. Hence, the levan from SJ and CFP is biocompatible and can be utilized for biomedical 
applications such as carrier vehicles for drugs, etc. 

3.5. Substrate cost comparison 

The cost of substrates required for producing 1 kg of levan was calculated based on the market rate of the nutrients for all the five 
media used in the study and the comparison is shown in Table 5. It is evident from the table that the cost of medium M4 is the minimum 
among all five media compared, and it was 20% lower compared to the cost of defined medium M1. However, the overall economic 
benefit of using the alternate composite medium consisting of SJ and CFP in commercial production can be ascertained only after 
considering the implications on the downstream processing side. 

4. Conclusion 

The study focused on levan production, a high-value microbial exo-polysaccharide, through microbial fermentation of a composite 
medium made of SJ, an agro-industry raw material for sucrose, and CFP a poultry industry by-product. Levan was produced using an 
alternate composite medium consisting of sugarcane juice and chicken feather peptone. Under optimized conditions, a levan yield of 
0.32 ± 0.01 g/g of sucrose consumed was obtained. Though the yield was 20% lower, using this alternate composite medium would 
result in 7% decrease in raw material cost. The use of SJ as an alternative to refined sucrose could save a lot of processing steps and 
hence improve the overall economics of the fermentation process. In addition, using CFP as a nutrient source could also be beneficial in 

Fig. 8. Effect of levan produced using SJ and CFP on HUVEC viability. [Cells were treated with different concentrations of levan for 24 h, and cell 
viability was measured using MTT assay. The experiments were conducted in triplicates and the values were represented as mean ± SEM. N-acetyl 
cysteine (NAC - 1000 μg/mL) was used as a positive control]. 

Table 5 
Substrate cost comparison for the production of 1000 kg levan.  

Raw materials Cost 
(INR/kg)a 

Medium (in kg) Cost of the medium (In INR) 

M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 

Sucrose 45 2325.58 0 0 0 8333.33 104651 0 0 0 375000 
Sugarcane Juice 5.6 0.00 19158.62 16341.18 17362.50 0 0 107288 91510 97230 0 
Yeast extract 290 46.51 0 58.82 0 0 13488 0 17059 0 0 
Ammonium Sulphate 10 69.77 0 88.24 0 0 698 0 882 0 0 
Potassium di hydrogen 

phosphate 
140 23.26 0 29.41 0 0 3256 0 4118 0 0 

Magnesium sulphate 
heptahydrate 

9.5 13.95 0 17.65 0 0 133 0 167 0 0 

Manganese sulphate 45 4.65 0 5.88 0 0 209 0 265 0 0 
Chicken Feather 

Peptone 
26 0 0 0 6.25 0 0 0 0 162.5 0 

Yield (kg)  1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 
Specific Yield (g/g of 

sucrose)  
0.43 0.290 0.340 0.320 0.12      

Total raw material cost       122435 107288 114002 97393 375000 
Raw material cost per kg 

of levan       
122.43 107.29 114.00 97.39 375.00 

* From 1 kg of sugarcane, 0.750 kg juice containing 0.135 kg sucrose is obtained. 
a For calculating the media cost, the prevailing commercial price were taken for all chemicals. The data was collected from www.indiamart.com on 

Dec 15, 2022. Cost of Chicken feather peptone was calculated based on the chemicals consumed for the preparation of CFP [19]. 
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reducing upstream (fermentation) cost during levan production. Levan produced using SJ and CFP showed strong antioxidant activity 
and levan produced using alternative media is bio-compatible and can be used for food and biomedical applications. 
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